Pedobiologia, Bd. 16, S. 364—372 (1976) 


Botanicky ústav, Brno, ČSAV 


Total CO, output from alluvial soils with two types of grassland 
communities 
Marra TresaROvá and J. GLOSER 
With 12 figures 


(Accepted: 12, 12. 1975) 


1. Introduction 


Alluvial meadows in the neighbourhood of the Morava and Dyje rivers (southern Moravia, 
Czechoslovakia) were subject to a detailed study aimed at finding out their structure and 
functions (for bibliography see RycunovskA 1972). As part of the research, a study of total 
carbon balance of soils was carried out. The best strategy in studying this problem is usually 
to determine the total amount of both inputs and outputs of carbon matter as the first step; 
it is only later on that the total values are split into their separate components. A similar 
pattern was used in the present work, which summarizes the results of measuring the 
total CO, output from soil and litter in two meadow communities. It is linked up with the 
research conducted in litter production and disappearance of the same plant communities 
(Tesařová 1976) and is expected to be followed by a report on the compartment analysis 
of respiration activity, studied in the litter-soil-roots system (GrosER and Tesařová in prep.). 


2. Material and Methods 


2.1. Study sites 


Two sites in the complex of alluvial meadows near the village of Lanzhot (southern Moravia) 
were selected for measurements. The plant community on the first site was classified as Gratiola 
officinalis — Carex praecox suzae Bar.-Tvr. 1966, with Alopecurus pratensis as the dominant species 
(further: Alopecurus site). Regular spring floods and considerable drought in summer and autumn 
are significant features of the water regime on this site. The other site is occupied by the associa- 
tion Serratulo — Festucetum commutatae Bar.-Tvr. 1966, with dominant Festuca sulcata (further: 
Festuca site). Usually, itis not flooded and the soil profile is considerably drier than on the preceding 
site. In addition, the two sites differ significantly from each other in primary production and some 
soil properties (see Table 1). More detailed data on soils and vegetation of the two sites can be found 
ü oe eue by Barírová-TvLÁCová (1966), Tesařová (1971), RyrcunovskA (1972), ULEnLovA 
1913 a, b). 


2.2. Field measurements 


2.2.1. The CO, output from soil and litter 


A modified method by Monruetru et al. (1964) was used to determine the CO, output from soil 
and litter: CO, was absorbed by granules of soda-lime weighed before and after a 3 to 5 days exposure 
in Petri dishes under a metal cylinder (diameter 23 em, height 31 cm), covering a soil surface area 
of about 4.15 dm?. Before every determination, all green vegetation was clipped out inside the cy- 
linders. The cylinders were sunk 5 cm in the ground. The outer surface of the cylinders was covered 
with aluminium foil in order to prevent excessive heating through absorption of solar radiation. 
The measurements were performed during two successive years. In the year 1971, the total respirs- 
tion of the litter + soil system was measured (only on Alopecurus site), and in the year 1972, in ad- 
dition to the same measurements (= a), soil respiration was ascertained in the patches cleared 0: 
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Table 1. Some habitat characteristics of meadow communities under study 


Alopecurus site Festuca site 
Production of above-ground 
biomass 
g:m-^?*- yea! }) 850 750 
Amount of root matter 
g.m!) 1289 1458 
Soil moisture 
in 942) 56.1 33.0 
Soil N in %*) 0.28 0.27 
Cellulose decomposition rate 
in soil 
mg + g`i- dayi?) 7.8 6.2 


1) Jaknrová (1968, 1971), ?) TEsaová (1971). 


litter (= b). From these parallel measurements, the respiration of litter (z) was obtained from the 
equation: x = a — b. Each variant consisted of four to five repetitions and new patches were selected 
at random for each measurement. The amount of CO, absorbed in soda lime was calculated from its 
weight increment. To this value, the weight of water evolved in the reaction between CO, and soda 
lime and subsequently lost in the drying procedure after exposure was added. Assuming that in the 
reaction with hydroxide one CO, molecule produces one molecule of water, and that all the water 
is lost during drying, the values of soda lime weight increment must be multiplied by 1.43. Reliability 
of this correction coefficient was tested in laboratory experiments, in which an exactly dosed amount 
of CO, was absorbed in soda lime samples and the samples subsequently underwent the same treat- 
ment of drying and weighing as those from field measurements. 


In 1972, temperature of soil (at the depth of 3 cm) and litter were measured with platine re- 
sistance sensors and registered continually by means of a multichannel recorder. In the year 1971, 
soil temperature was measured by means of a mercury thermometer at the beginning and the end 
of each series of respirometrie determinations. Arithmetic averages were calculated in both measure- 
ments. The temperature was measured in the vicinity of respirometric cylinders. 

Soil moisture was determined gravimetrically from samples taken from the upper 5 to 10 em 
laver; it was expressed in "5 of soil dry weight. Litter moisture was also determined gravimetrically. 
The soil and litter samples for moisture determination were colleeted at the end of the exposure 
from the patches measured. 


2.3. Laboratory measurements 


Experiments aiming at ascertaining the relation between CO, output and temperature were per- 
formed by means of a gasometric apparatus with infrared analyser. Intact soil cores (7 em in dia- 
meter and 15 em in height) with litter were used for these measurements. 

For measurement of the dependence of soil respiration on soil moisture, soil samples (taken from 
the depth of 0 to 10 cm) were left to dry in air, crushed and sifted through a 2 mm-mesh sieve, and 
finally moistened with distilled water to the required level in the range from 0 to 100^; of soil dry 
weight. 30 g of the sample (dry weight basis) was exposed in glass dishes in a thin layer (about 5 mm 
in theight). The volumetric apparatus employed and the method of measurement are described by 
GLosER (in prep.). 

Laboratory measurements were performed only with the soil of the Alopecurus site. 


3. Results 


3.1. Seasonal patterns of CO, evolution 


The absolute values of the CO, output from the soil + litter system obtained on the 
Alopecurus site (Figs. 1 and 2), mostly varied between 9.5 and 23.8g CO, m- day in 
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Figs. 1—3. Seasonal courses of CO, output from the soil + litter system (full line, vertical arrows 
denote + sx of the average), soil temperature (dashed, triangles) and soil moisture (dashed, circles). 
Alopecurus site, 1971 (Fig. 1), Alopecurus site, 1972 (Fig. 2) and Festuca site, 1972 (Fig. 3). 


the two growth seasons. The seasonal course, however, is conspicuously different; this is 
probably due to different microclimatic conditions in the two years. In 1971 the maximum 
values of CO, output, 20.4 g CO,* m-?- day, were obtained in May (an extraordinarily 
warm month with relatively high soil moisture). In midsummer a rapid decrease of CO, 
output takes place; in spite of high temperature at the beginning of August the absolute 
respiration minimum of the soil + litter system was 10.2 g CO, m-?- day-1, probably due te 
low soil moisture. The autumnal values were low, but not so much as the very low soi 
temperature suggested. In the year 1972, the course of the CO, output from the litter + soi 
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Figs. 4—5. Seasonal courses of CO, output from the soil without litter (full line, vertical arrows de- 
note + sx of the average), soil temperature (dashed, triangles) and soil moisture (dashed, open 
circles). Alopecurus site, 1972 (Fig. 4). Full circles represent calculated values of CO, output. For 
details see text. Festuca site, 1972 (Fig. 5). 


system wes different, with absolute minimum in May and maximum in July. This maximum 
(23.8 g CO, m-?- day) coincides with a period of extraordinarily high temperature and 
soil moisture. It should be noted that the high soil moisture was due to a preceding short- 
term flood. The flood could bring some easily decomposible organie material and, in this 
way, increase the intensity of the decomposition processes. The CO, output in autumn was 
similar to that in the preceding year and, in comparison with the spring period. was con- 
siderably high. 

On the Festuca site, the values of the CO, output from the litter + soil system were 
lower than from the preceding site: most of the values varied between 3.8 to 16.0 g CO.m-?- 
day-! (Fig. 3). The course of the CO, output on this site apparently follows the changes in 


Figs. + and 5 show the course of soil respiratioa (soil without litter only). In principle, 
they conform with the course of respiration of the litter + soil systems on the given sites 
in the same year. Most of the values lie between 3.8 and 16.5 g CO, m-? - day in the Alo- 
pecurus site, and 3.5 to 15.1 g CO, m-?- day in the Festuca site. The standard deviations 
of the average values recorded on various terms of measurement were very small: most ot 
the variability in the CO, output from the litter -+ soil system was caused by litter. 

The share of litter in total CO, output can be better seen in Fig. 6. On the Alopecurus 
site this share is 309, on the average; this represents 5.1 g CO5* m~- day-!. On the other 
site, the values were slightly lower. The average share of litter in the total CO, output was 
209, there; this corresponds to about 2 g CO,m-?- day. 


3.2. CO, evolution in relation to temperature 
and moisture of soil and litter 


3.2.1. Field measurements 


In the year 1972, the CO, output measurements from soil and litter were performed 
separately and their temperature end moisture were registered also sepzrately. The relation- 
ships between the CO, output from soil (or litter) and two environmentel factors, temperature 
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Fig. 6. Relative amount of CO, evolved from litter (white area) and from soil (filled area) in the 
course of vegetation season (1972) in Alopecurus site (A) and Festuca site (B). 
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Fig. i. The dependence of CO, output from soil on soil moisture (A) and soil temperature (B). Alo- 
pecurus site, field data. 
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Fig. 8. The dependence of CO, output from litter on litter moisture (A) and litter temperature (B). 
Alopecurus site, field data. 
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Fig. 9. The dependence of CO, output from soil on soil moisture (A) and soil temperature (B). Festuca 
site, field data. 
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Fig. 10. The dependence of CO, output from litter on litter moisture. Fecusta site, field data. 


and moisture are depicted in Figs. 7 to 10. As far as the Alopecurus site is concerned, the 
CO, output from soil (without litter) depends more on moisture than on temperature (Fig. 7), 
while that from litter shows greater dependence on temperature (Fig. 8). From the Festuca 
site, the relations between soil and litter moisture on the one hand, and the corresponding 
CO, output on the other hand, are available (Figs. 9 and 10). This relation is especially close 
for soil. 


3.2.2. Laboratory experiments 


The aim of laboratory measurements was to ascertain the actual functional interdepend- 
ence between the CO, output and temperature or soil moisture under controlled conditions, 
without any interference by other factors. 
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Fig. 11. Temperature dependence of CO, output from soil samples with two different moisture 
levels: 46°, (open points) and 27^, (full points). Both straight lines are constructed for (),, = 2. 
Laboratory data, soil samples taken from Alopecurus site. 
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Fig. 12. The relationship between soil respiration and moisture of soil sample from Alopecurus site. 
Laboratory measurements. Soil respiration was measured as O, consumption and is expressed in 
relative values (i. e. maximum value of respiration — 1.0). 


The temperature dependence of the CO, output in soils with various moisture follows 
the same logarithmic curve with Qjo = 2 (Fig. 11). The absolute values, however, are higher 
in a more humid soil. 

The relations between the CO, output from soil and soil moisture are more complicated. 
This can be seen in Fig. 12. It should be added that the water holding capacity of that soil 
was 66.3°,. In the interval between 10 and 50", of soil moisture, the ascertained function 
does not deviate much from linearity. Most of the field data obtained varied within this 
range, justifying in this way their evaluation by linear regressions. 


4, Discussion 


When statie absorption methods without air motion under the enclosure are used, im- 
perfect CO, absorption takes place and the resulting values, in comparison with gas flow 
analysis, are often much lower (HABER 1958, Kucera and Kinkuax 1971). It is highly 
improbable that this phenomenon should be significant in our measurings. Solid soda lime 
has substantially higher absorption efficiency than alkali solutions; this was shown by the 
comparative experiments of MINDERMAN and Vvrro (1973). 

Microclimatic changes under the covers during measuring seem to be much more signi- 
ficant source of errors. The relative air humidity inside the cylinders is practically always 
100%; this obviously does not correspond to the values of relative air humidity outside tlis 
enclosure, especially in a dry period. As a result, a slight increase in the respiration value= 
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may take place, above all in those of litter. On the other hand, if there is some precipita- 
tion during exposure, litter and soil under the cylinders remain drier and less active. Static 
exposure for several days ean thus result in both higher and ldwer values of moisture in 
comparison with those of the uncovered area. In his precise measurement, Epwarps (1974) 
found out that a stimulative “chamber effect" prevailed in deciduous forests. Its size varied 
both in the course of the day and in the course of the year. On the average, however, an in- 
crease in the CO, output by 16°, was ascertained in the litter + soil system due to continuous 
covering. 

There could be no doubts that temperature and soil moisture are among the most signifi- 
cant factors which play a decisive role in the dynamics of the CO, output under natural 
conditions. In some cases, more than 70?, of total annual variability of the CO, output 
can be explained by a combined influence of these two factors, considerable differences exist 
in the data found in literature. In some cases, temperature exerted the decisive influence 
(e.g. Wirkamp 1966, Kucera and Kigkgaw 1971, ANDERSON 1973), especially on sites 
with sufficient water supply in soil during the whole year. The relative significance of temper- 
ature and moisture in soil is often found to change in various periods of the year: in summer, 
the influence of fluctuating moisture is more conspicuous than in winter (RErxEnRs 1968, 
FROMENT 1972). 

The present results suggest that, on both sites under study, the CO, output from soil and 
litter was affected by both temperature and moisture. As shown by higher regression coeffi- 
cients, moisture apparently assumed greater significance. On the basis of laboratory experi- 
ments (Figs. 11 and 12) it is possible to estimate the overall importance of changes in both 
soil temperature and moisture for the annual variations of soil respiration, at least on the 
Alopeeurus site. The predicted values of soil respiration, given in Fig. 4, were calculated 
irom the equation: 


R = ak, (0.1 T 


where: R = CO, output from soil in g+ m-?- day-!; Ro = CO, output from soil under the 
optimum soil moisture (74?,) extrapolated for the temperature of 0°C (from field measure- 
ments, 4.0 g CO, m-?- day 73); a = correction coefficient for soil with moisture less than 
749. (its value was obtained from the curve in Fig. 12: a = 1 for the soil moisture of 74"); 
Q = temperature quotient (in all cases Qjo = 2); T = soil temperature in °C. 

Differences between the ealeulated values of soil respiration and those aetually measured 
are especially conspicuous in the spring and autumn periods. This means that — besides 
soil temperature and moisture — there are other significant factors influeneing the respira- 
tion intensity. at least for part of the year. The substantial increase in the CO, output in 
autumn may be a result of changes in the metabolism of the underground parts of plants, 
or a result of their more rapid dving-off and decomposition. In any ease, these factors should 
be identified more precisely; that would be possible if both field and laboratory methods 
are employed parallel to each other, in close combination. 


Summary - Zusammenfassung * Pesioxe 


The absolute values of the CO, output from the soil and litter system obtained on the Alopecurus 
site mostly varied between 9.5—23.8 g CO, m~? - day-! in the two vegetation seasons. On the Festuca 
site the same values were lower: 3.8—16.0 g CO,m-?- day~!. The share of litter in total CO, output was 
302, on the average on the Alopecurus site and 20% on the Festuca site. The CO, output from soil 
and litter was substantially affected by both temperatures and moisture. Comparing field observa- 
tions and laboratory experiments it was possible to estimate the overall importance of changes in 
both temperature and moisture for ir eee d of soil respiration. 


Totale CO,-Freisetzung aus alluvialen Boden mit zwei Typen von Grasland-Gesellschaften 


Die absolute Menge von CO,, die aus dem System Boden und Streu freigesetzt wird, schwankte 
beim Alopecurus-Standort im Laufe von zwei Vegetationsperioden zwischen 9.5—23.8 g CO, m~? - 
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Tag-!. Die entsprechenden Werte für den Festuca-Standort waren 3.8 — 16.0  CO,m-? - Tag-?, 
Der Anteil der Streu an der Gesamtausgabe von CO, betrug ungefähr 30% beim Alopecurus-Stand- 
ort und 20% beim Festuca-Standort. Die aus Boden und Streu freigesetzte Menge von CO, war 
stark von der Temperatur und Feuchtigkeit abhängig. Auf Grund von Feld- und Labor-Experimenten 
war es möglich festzustellen, in welchem Maße die Änderungen in der Intensität der Bodenrespira- 
tion im Du des Jahres durch die Ánderungen der Bodenfeuchtigkeit und Bodentemperatur be- 
stimmt werden. 


Tloance sirjeaenne CÓ, VLIOBNATLHBIMH NOYBAMM € AByMA THNAMH IyrOBOÍ pacTHTe-LHOCTH 


Aécoawtioe KoanuectBo CÓ,, BugrezenHoe nmounoit m pacTHTe:bHHM OIAXoM, KO:eÓa:ocb y 
üITIOBHAZPHOTO AyroRoro cooónrecrnBa c ztowmurpyiuu Alopecurus pratensis B reuene ABYX Bere- 
TANNOHHEX mepiro;os B npeze:zax 9,5—23,8 r. CO,/w? B cyrkm. CoorpercrByronue AAHHHE 114 AYTO- 
noro cooómecrBa c 1oumumnpyjonum Festuca sulcata 6s: To35&ko 3,8—16,0 r CO,/m? B cyrku. oaa 
peemmpainmm paermTedbHoro onaga B omei peemmparmmr cneTeMi «nowBa-oHa; COCTABAATA IIpH- 
óamamTrednno 20—309,. IInrencrsnocth pecnmparmt NOYBb H pacTHTe:bHOTO Onaga TecHo CBAZAHA 
c mx Temnepatypoii m mzawnocrbb. PeavabTaTH IHOZeBHX H :a00paTOpHHIX 3KCHepIMeHTOB MAWT 
BOSMOAHOCTL ONPeAeANTh, B KAKOX Mepe ceaoHHas ANHAMMKA pecmnpanmm IOWUBH 2aBICIT OT ee 
TeMIepaTYpH II BAaAHOCTH. 
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